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DEVELOPMENT OF PHAGOCYTIC ACTIVITY IN THE RETICULO-ENDOTHELIUM OF
THE ALBINO RAT: A COMPARISON OF PRENATAL, NEONATAL,
JUVENILE, AND ADULT PERIODS**t
INTRODUCTION
Although there have been numerous investigations on the macrophagic or
reticulo-endothelial system of adult mammals, relatively few studies have
been made on the phagocytic potentialities of fetuses and young mammals.
Emmel,' in an abstract on the hematogenic activity of the pig embryos'
liver, commented on the phagocytic activity of the hepatic "endothelial"
cells. Phagocytic capacity of the reticulo-endothelial system is present in the
rabbit.' Battagliae injected carmine into 5 dog fetuses through the umbilical
arteries. Although carmine collected in the pulmonary arteries, phagocy-
tosis by alveolar phagocytes was not evident; von Kupffer cells segregated
carmine granules only rarely. Culbertson' found that rats of younger age
groups phagocytosed less trypan blue than did adults.
Italian investigators have made contributions in the vital staining of
living human fetuses and prematures. Dellepiane16 injected colloidal mer-
curic sulphide into human fetuses of 3, 5, and 6 months gestational age and
found phagocytosis in the liver and spleen beginning in the third month.
Using Dellepiane's method, Nizza-' studied human fetuses older than 6
months gestational age. He confirmed Dellepiane's findings and concluded
that phagocytic activity was more marked in the liver than in the spleen.
Braccoe compared the macrophagic potentialities of fetal placental blood of
premature and term babies and concluded that the premature child has less
phagocytic potentialities.
As far as is known, no one has attempted to investigate the reticulo-
endothelium in its chronological development as a macrophagic system. The
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purposes of this investigation, therefore, were (i) to determine in vivo, as
far as the method permits, the stages of fetal development in which the
macrophagic system begins to function in the albino rat, i.e., when free and
fixed macrophages begin to exhibit phagocytic powers, (ii) to determine the
sequential development of phagocytosis in various organs and tissues,
(iii) to trace the macrophagic system in its functional capacities from pre-
natal through postnatal periods.
TABLE 1. THE NUMBER OF EXPERIMENTAL AND CONTROL ANIMALS STUDIED
AT SPECIFIC FETAL AGES WITH THE NUMBER OF DEATHS OCCURRING IN
ADULTS AND FETUSES. FETAL RATS 15 DAYS OR OLDER WERE USED IN
BOTH INTRA-AMNIOTIC AND INTRA-EMBRYONIC SERIES
OF EXPERIMENTS
Exp. Series I: Intravenously injected pregnant rats.
Exp. Series II: Intra-amniotically injected fetuses.
Exp. Series III: Intra-embryonically injected fetuses.
Exp. No. preg. Fetal age No. fetuses Deaths Fetuses studied
series rats used in days exp./contr. adults/fetuses exp./contr.
I 4 11-13 ?/0 aborted 0/0
I 8 14-17 67/0 3/12 18/0
I 6 19-21 50/0 3/15 19/0
II 3 11-13 15/6 1/15 4/3
II 10 15-17 24/8 2/? 6/5
II 6 19-21 11/6 0/1 6/1
III 5 14-15 15/7 3/16 9/2
III 6 16-17 25/8 1/13 21/3
III 3 18-19 20/4 0/3 20/2
III 4 20-21 23/5 0/0 23/2
Total 43 239/44 13/75 126/19
The significance of this study must be interpreted with respect to limita-
tions in experimental method. It was pertinent to determine the earliest
date at which phagocytic activity could be detected in the fetus. Thorotrast
induces deleterious effects even in adult animals and it is probable that such
effects would be more severe in fetuses. It is evident, therefore, that the
phagocytic responses observed in this study were accomplished under un-
physiological conditions. As will be pointed out later, lymphatic drainage in
the rat fetus is incompletely developed and circulation of this fluid is not
well established until after birth. This means that distribution of the colloid
within the fetus is relatively inefficient, and lack of phagocytic reaction may
often be due not to inability of cells to take up the test material but to the
fact that they do not come into adequate contact with it.
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MATERIALS AND METHODS
Wistar strain albino rats were divided into prenatal and postnatal groups. These
groups were subdivided into six series as shown in Tables 1 and 2.
The age of fetuses was dated from the time spermatozoa were found in vaginal
smears. Four female rats were caged together overnight with two males. Vaginal
smears obtained the following morning were air-dried and stained with Harris'
TABLE 2. THE NUMBER OF EXPERIMENTAL AND CONTROL ANIMALS
STUDIED AT DIFFERENT POSTNATAL AGES
Exp. Series IV: Intraperitoneally injected postnatal rats.
Exp. Series V: Intracardially injected newborns through 20 days postpartum.
Exp. Series VI: Intravenously injected rats older than 25 days.
Postnatal age
in days
2
3
5-7
9
16-17
20
30
50
70
1-2
3-4
6-7
10
14-17
20
30
40
60
70
No. animals
exp./contr.
6/0
8/1
13/3
4/1
12/1
3/1
3/1
3/1
3/1
18/2
10/0
8/1
4/0
10/2
4/0
4/0
4/0
3/0
3/0
123/15
Animals studied
exp./contr.
6/0
8/1
13/3
4/1
12/1
3/1
3/1
3/1
3/1
18/2
10/0
8/1
4/0
10/2
4/0
4/0
4/0
3/0
3/0
123/15
hematoxylin and eosin Y. Those rats with spermatozoa in the smears were presumed
pregnant and segregated into separate cages.
In the first experimental group, adult pregnant rats were given intravenously a total
of 0.50 cm' of Biebrich's scarlet, colloidal gold, or Thorotrast, and were sacrificed
24 hours after injection. In the second experimental group, pregnant rats were
anesthetized with nembutal (dosage: 40 mg/kg body weight) and midabdominal inci-
sions were made. One uterine horn was gently lifted and placed in a position suitable
to visualize the fetuses through transmitted light. Between 0.01 to 0.02 cm of Thoro-
trast was injected into each amniotic cavity of that horn. As a control at least one
506
Exp.
series
IV
IV
IV
IV
IV
IV
IV
IV
IV
V
V
V
V
V
V
VI
VI
VI
VI
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amniotic cavity in the other horn was injected with 0.9% saline solution. The incision
was then closed with two layers of sutures and covered with collodion. The rats were
sacrificed a day after the operation. Pregnant rats in the third experimental group were
treated in a manner similar to the second group, except that injections were made
intraperitoneally or intrapleurally, and the animals were sacrificed 8 or 24 hours after
the operation.
In the postnatal series, each young rat received Thorotrast either 5 cm' or 10 cm8/kg
body weight in one or two injections respectively and were injected intracardially,
intravenously, or intraperitoneally. Controls were injected with equal volumes of
0.9 per cent saline. The animals were sacrificed in periods of 6, 24, 48 hours, and one
and two weeks after the first injection.
Pregnant rats in the first three experimental series were sacrificed with chloroform
fumes. Fetuses were removed from the uterine horns and x-rayed with a pediatric
x-ray machine screened with 2 mm aluminum at 50 KVP and 15 ma with four seconds
exposure on Kodak Industrial type M film. Postnatal experimental rats were sacrificed
in groups of two or four with chloroform fumes and subjected to x-ray. The plates
were developed immediately and temporarily fixed.
The plates were read in accompaniment with the autopsies, as this method was useful
in determining the localization of the thorium salt in tissues. Major reticulo-endothelial
organs (e.g. liver, spleen, and nodes) as well as those in which the salt is occasionally
found (e.g. lung, kidney, and thymus) were examined. Tissue samples were then
removed, fixed in aqueous Bouin's fluid, and prepared by the dioxane-paraffin method.
Single sections were cut at 6 u, while serial or interrupted sections were cut at 7 IA.
The former was limited to term fetuses and postnatal animals, and the latter to fetuses
younger than 20 days' gestation. The slides were stained in Harris' hematoxylin and
eosin Y.
Unstained sections, mounted adjacent to stained ones, offered several advantages':
(i) the presence or absence of the salt in the tissues could be seen, (ii) small amounts
of segregated thorium salt could be observed, (iii) the distribution of the thorium salt
could be readily asc-ertained. In brief, this method entailed lowering the condenser and
cutting down the diaphragm so that the maximal refractile property of the thorium
granules was exhibited. The globules of salt appeared yellowish to yellowish-green.
OBSERVATIONS AND DISCUSSION
1. EXPERIMENTAL SEIES I AND 11
Preliminary experiments were carried out by injecting two electro-
negative colloids into pregnant rats. Biebrich's scarlet, used by Shimidzu,"
and colloidal gold, employed by Sato,' have been reported to pass through
the placenta. Recently, however, Haigler and Williams' were unable to
confirm the transplacental passage of colloidal gold, and the present investi-
gator was unable to find either colloid in the fetuses.
Thorotrast injected into pregnant rats was not visualized by x-rays
either in the placentas or fetuses; the absence of thorium salt was con-
firmed histologically. However, segregated thorium particles were in free
macrophages in the outer portion of the myometrium of the uterus. Some of
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the syncytiotrophoblastic cells phagocytosed particulate matter resembling
hemosiderin in all chorio-allantoic placentas, except in one pregnant rat
sacrificed on the 14th day of gestation. In the one exceptional rat, hemo-
siderin was abundant in the maternal lacunae of the syntiotrophoblasts, but
no phagocytosis was observed. Wislocki and Dempsey" reported that cyto-
trophoblastic cells in the cat placenta phagocytosed hemoglobin derivatives,
but this was not confirmed in the present investigation using rats.
Thorotrast was not found in fetuses after intra-amniotic injections but
was flocculated in the amniotic cavity. The particles were probably too
large to be taken into fetuses through the skin, respiratory tract, gastro-
intestinal tract, or fetal membranes. Similar observations were reported by
Windle and Bicher' who attempted to demonstrate intra-uterine respiration
by means of intra-amniotic injections of Thorotrast. On the other hand,
trypan blue was absorbed by guinea pig fetuses through the skin, and
respiratory and alimentary canals.' The discrepancies can be explained on
the basis that trypan blue readily stains dead or dying cells, whereas
thorium salt is picked up in visible amounts predominately by the reticulo-
endothelium.
Failure oftransplacental transmission and its significance. Several investi-
gators have demonstrated x-ray visualization of the placentas of Thorotrast-
treated rodents,4"l' but they were unable to detect the passages of
thorium particles into fetuses. In contradistinction, Shute and Davis' were
unable to demonstrate placental visualizations of Thorotrast-injected rab-
bits, and similar results were obtained in the present rat experiments.
The sizes of the two colloids are noteworthy: colloidal gold, 20 to 200
mIA and colloidal thorium dioxide, i.e., Thorotrast, 3 to 10 m, (communi-
cation from Heyden Chemical Company). In view of the fact that Sato's
work' has remained unconfirmed, the results should be questioned. Fur-
thermore, if particle size is important in passing through the placenta, then
the smaller thorium salt particles should get through the barrier. Although
thorium is an unphysiological metal, it can enter the fetal circulation in the
form of thorium nitrate solution.' One must conclude, then, that particle
size is an important factor in the passage of substances from the maternal
to fetal circulation.
11. EXPERIMENTAL SERIES III-VI
The common basis for all of these experiments is the study of macro-
phagic activity in vivo after Thorotrast injections. The presence of a colloid
in a localized region is ordinarily dependent upon the route of injection.
For example, macrophages of the omentum and mediastinal nodes are
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readily activated after intraperitoneal injections, but not after intravascular
injections. Therefore, by using different routes of injection, phagocytosis
can be studied in a wide variety of locations.
A. Fixed reticulo-endothelial elements
(1) Liver
At 16 days of gestation no phagocytosis took place in the liver. The
lumens of the sinusoids were irregular in size and course and did not appear
to be continuously lined with von Kupffer cells of stellate form. All the
lining cells appeared elongated and had flattened vesicular nuclei. The
sinusoids contained large numbers of hematopoietic cells.
At 17 days of gestation the reticulo-endothelial cells of the liver began to
function as macrophages. Hemosiderin and small globules of thorium salt
were occasionally phagocytosed by von Kupffer cells (Fig. 3). Single parti-
cles were adherent to or within the endothelial cytoplasm of central veins,
but it was difficult to determine whether these globules were actually phago-
cytosed. At this stage more reticulo-endothelial cells developed and the sinu-
soidal lumens became narrowed. Hematopoietic cells were still numerous.
The gestational period of the albino rat is approximately 21 days, and
phagocytosis was first observed during the middle of the last gestational
week. When India ink was injected into chick embryos from 2 days to 14
days old, particles of ink were found in the "endothelium" of the liver and
blood vessels of the area vasculosa.a In human fetuses, colloidal mercuric
sulphide was phagocytosed by reticulo-endothelial cells of the liver from the
end of the first trimester of gestation.' Phagocytosis was initiated at a
relatively earlier stage of development in human fetuses and chick embryos
than in rats. This discrepancy may be partially accounted for by differences
in technique. All the cited investigators injected the colloids intravenously,
while Thorotrast was injected intraperitoneally in the rats. The injected
material was not absorbed from the peritoneal cavity of the fetuses but
underwent flocculation, a factor which might explain the lack of phagocytic
activity at the 16th day and the but slight activity at the 17th day.
At 18-19 days of gestation the liver was histologically similar to that
of the 17th day. However, the macrophages contained more thorium
particles.
Up to 20-21 days of gestation, the sinusoids were irregularly arranged.
At term, rudiments of the radial arrangements of sinusoids were evident
but were restricted to the region around the central veins. In general, the
phagocytic ability of the reticulo-endothelial cells and number and dis-
tribution of hematopoietic cells were similar to the state at 18-19 days.
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However, thorium plaques (large granules of thorium11) within macro-
phages were found abundantly in several rats.
Birth-2 days postpartum. The number of activated macrophages was
greater than in the late prenatal liver. Although the cells were not usually
filled with thorium salt, enough was deposited so that the liver could be
visualized by x-ray (Fig. 1). Concomitantly, hematopoietic activity reduced
abruptly. Erythropoietic cells, predominantly normoblasts, were found in
perisinusoidal islands; granulocytic cells were not aggregated as such but
were found separately in sinusoids; only a few megakaryocytes were
present. The decrease in hematopoietic activity paralleled the differentiation
of primitive reticulum cells towards reticulo-endothelial cells.
At 3 days rudiments of radial arrangements of the sinusoids were similar
to those of term fetuses. Although quantitative methods were not attempted,
a proportionately larger number of macrophages tended to be filled with the
colloid. In addition, macrophages were first noted to be somewhat evenly
distributed throughout the lobules (Figs. 4 and 5). Up to this period, some
lobules had macrophages distributed evenly, while most others had only a
haphazard distribution. Animals sacrificed 24 hours after injection had
PLATE 1.
With the exception of Figures 1 and 2, the following figures are from unretouched
photomicrographs of tissues fixed in Bouin's fixative, sectioned at 6 or 7 IA, and stained
with Harris' hematoxylin and eosin. Abbreviations: A = artery; L.V. = lymph ves-
sel; L = lymphocyte; M = Thorotrast containing macrophage; H.M. = hemo-
siderin-containing macrophage; T = thorium salt globules; V = vein.
1. Ventral view of a 2-day neonatal rat injected intraperitoneally with 0.03 cm3 of
Thorotrast. The liver is visualized, while the opaque areas below the liver in the region
of the spleen are Thorotrast flocculations with concentrations of thorium-laden macro-
phages. Note that the substernal lymphatics does not contain enough Thorotrast to be
visible by x-ray. x1.36
2. Ventral view of a 3-day rat injected intraperitoneally with 0.035 cm8 of Thoro-
trast. The liver is visualized with flocculations of Thorotrast in the peritoneal cavity.
Note that the substernal lymphatics contain Thorotrast showing the functional develop-
ment of peritoneal drainage. x1.36
3. Liver of a 17-day fetus injected intra-embryonically with approximately 0.01 cm8
of Thorotrast 8 hours before sacrifice. This shows a hemosiderin-laden macrophage
adjacent to a megakaryocyte. Note the abundance of normoblasts. x500
4. Liver of a 3-day neonatal rat injected intraperitoneally with approximately 0.02
cme of Thorotrast 24 hours before sacrifice. The macrophages are the dark spots rather
evenly distributed in the lobules. x121
5. Same liver as Figure 4 with arrow pointing to the same macrophages as the
previous figure. The macrophages are distended with thorium globules. Islands of
normoblasts are seen below the central vein. x500
6. Liver of a 30-day-old rat injected intraperitoneally with 0.30 cm8 of Thorotrast
24 hours before sacrifice. The macrophages appear as dark masses, more concentrated
in the periphery of the lobules. x75
7. Spleen of a 19-day fetus injected intra-embryonically 24 hours previous to sacri-
fice with approximately 0.01 cm8 of Thorotrast. Only macrophages containing segre-
gated hemosiderin are present in the primitive red pulp. The organ shows a myeloid
structure with a developing lymphocytic peri-arterial sheath. x333
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approximately the same number of activated macrophages as those killed
8 hours after injection. The macrophages in the latter series retained their
stellate form, whereas, in the former, many were rounded.
At 5-7 days some of the sinusoids extended from the central veins to the
periphery of the lobules. The sinusoidal lumens became narrower by the
7th day as compared to the 3d day. Hematopoietic activity occurred only in
small isolated islands, composed primarily of normoblasts. The phagocytic
potentialities of von Kupffer cells were unaltered in the period between the
3d and 7th postpartal days.
At the 16th day, most of the sinusoids reached the periphery of the
lobules. The central veins were of variable sizes, even in different lobules
of the same lobe. Few blood islands were found. Phagocytosis was more
pronounced than in younger rats.
In three experiments, rats were injected intraperitoneally and intra-
cardially with.Thorotrast one or two weeks before sacrifice and killed when
14 to 17 days old. The macrophages were distributed evenly in the lobules,
as in animals sacrificed 24 hours after injection. The livers of these rats, as
compared with those sacrificed a day after injection, contained many more
macrophages. Most of the phagocytes appeared round because they were
loaded with plaques, whereas von Kupffer cells of those rats killed after
24 hours retained their stellate form.
At 20 days macrophages were still evenly distributed throughout the
lobules. Culbertson' concluded that phagocytic potentialities reached a
maximum by 18 days' postpartum; no attempt was made to corroborate
his findings. Blood islands were infrequent and with the cessation of
hematopoiesis in the liver, the organ began to resemble the adult structure.
PLATE 2.
8. Spleen of a 20-day-old rat injected with 0.15 cm3 of Thorotrast showing a
concentration of macrophages (dark masses) in the red pulp. The Malpighian bodies
are well developed. x75.
9. Spleen from same animal as Figure 8 showing the border of a Malpighian body
without any macrophages to the left, and macrophages concentrated in the red pulp
to the right. Normoblasts are still present. x575
10. Mediastinal node from a 21-day fetus injected intra-embryonically with approxi-
mately 0.01 cm' of Thorotrast. This shows a primitive macrophage with ingested
particles of Thorotrast. Compare its size with adjacent red blood cells. x575
11. Mediastinal node of a 3-day-old rat injected intraperitoneally with 0.30 cm' of
Thorotrast. The free and fixed macrophages are found predominantly in the subcapsu-
lar lymphatic sinusoids. x500
12. Multinucleated giant cell phagocyte from a mediastinal node of a 17-day neo-
natal rat injected intraperitoneally 5 and 7 days before sacrifice with a total of 0.50
cm' of Thorotrast. x333
13. Mesenteric node of a 31-day-old rat injected intraperitoneally with 0.30 cm' of
Thorotrast. Note the macrophages are large fixed mononuclear cells closely associated
with the reticulum of the medullary sinusoids. x333
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At 30-40 days the liver showed no hematopoietic activity. In animals
killed 24 and 48 hours after the last injection, macrophages were more
prevalent in the peripheral portions of the lobules (Fig. 6).
At 50-70 days the liver acquired histological characteristics of the adult.
As in the previous period, more Thorotrast-containing macrophages were
located at the margins of the lobules. There appeared to be less macrophages
per unit area in the liver of animals of this age, in comparison to younger
rats.
Comments. Hepatic phagocytosis was first observed on the 17th day of
gestation when it appeared only in fixed macrophages and never to any
striking degree. The same elements also collected hemosiderin but in greater
quantity. The amount of segregated thorium salt increased from the 17th
day of gestation to 3 days' postpartum, at which time the activated macro-
phages were rather evenly dispersed throughout the individual lobules.
Macrophages were distributed uniformly throughout the lobules until 20
days' postpartum. Greater numbers of reticulo-endothelial cells at the mar-
gins of the lobules were phagocytic in rats 30 days or older. McKellar,'
however, reported that von Kupffer cells were more numerous in the
periphery of the lobules by the 14th postpartal day. His study was based on
the cytological differentiation of von Kupffer cells which were potentially
phagocytic, whereas the present study was based on the observed macro-
phages. Culbertson concluded that the livers of nursling rats phagocytosed
less particulate matter than the livers of weaned rats. Although quantitative
methods were not used in the present experiments, his observations were
corroborated.
When Thorotrast is injected intraperitoneally, fixed hepatic phagocytes
bunch into groups of 4-10, concentrating toward the central veins within a
week after injection, and three weeks after injection clustering around the
veins."7' After an injection of Thorotrast followed by an India ink injec-
tion, the more centrally located macrophages in the liver lobules segregate
Thorotrast, while macrophages in the periphery of the lobules contain India
ink.' This is interpreted as the migration of macrophages toward the
central vein. However, Bernick, Hyman, and Paldino'l after performing
similar experiments, but using rats and Thorotrast and T-1824 dye, have
concluded that the first phagocytosed colloids fill the macrophages and
occlude sinusoidal lumens. These particles are then released and picked up
by more centrally located phagocytes.
In young rats of the present experiments which retained injected Thoro-
trast from one to two weeks, macrophages showed no tendency to aggre-
gate. Sinusoidal lumens are more tortuous and wider in young rats than in
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those 30 days or older. Macrophages did not seem to occlude sinusoidal
lumens as macrophages were evenly distributed in the liver lobules. This
was not the case in rats older than 30 days, as phagocytes tended to be
toward the periphery of the lobules. This corrobates the conclusions of
Bernick, Hyman, and Paldino.u
(2) Spleen
Most of the phagocytic elements in the spleen are mobile cells, and the
lining cells of splenic sinusoids seldom segregate this salt."8'9 It is possible
that, due to the complexity of the circulatory pattern of the spleen, the free
histiocytes are able to engulf particulate matter before it reaches the fixed
cells, thus limiting the functional potentialities of the latter. Since the splenic
sinusoids are lined by fixed reticulo-endothelial cells, the organ is included
in the section on fixed macrophages.
The spleen of the 17-day fetus had a typical myeloid appearance, i.e., a
predominance of hematopoietic red pulp. Normoblasts were distributed
throughout the pulp, while lymphoblasts had not as yet appeared in the
adventitia of arteries. No thorium-laden macrophages were seen.
At the 19th day of gestation, the spleen was similar to the 17th day,
except that lymphoid sheaths two to three cell layers thick appeared around
the arteries. Phagocytosis occurred only in two out of 12 rats, and it was
primarily limited to segregation of hemosiderin by free macrophages (Fig.
7). Stellate macrophages lining sinusoids were found occasionally.
Phagocytic activity is present in the spleen of chick embryos at 6 days
incubation, and by the 9th to 13th day splenic macrophages ingest many
more ink particles than do those of the liver." The reticulo-endothelium
of human fetuses begins its function as a macrophagic system at the end of
three months, phagocytosis being more marked in the liver than in the
spleen."'' The possible explanations of such contradictory findings, aside
for species differences, are discussed in the section on the liver.
In the 21-day fetus the white pulp was 3-4 cell layers thick in some areas,
foreshadowing Malpighian bodies, while the red pulp contained many
normoblasts and other hematopoietic elements. These blood cells made the
sinusoidal linings difficult to observe. Of 7 fetuses, segregated thorium salt
was found in two and hemosiderin in one; the other four did not contain
either. Phagocytosis was restricted to the primitive red pulp and fixed
macrophages were found only rarely.
Birth. Of 6 rats studied, Thorotrast was detected in only one animal in
roentgenograms 3 hours after intracardiac injections. The particles of
thorium salt in the one exceptional rat were flocculated primarily in the
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tissue spaces and only a few globules had been segregated by free macro-
phages. The white pulp was now composed of 4-6 layers of lymphocytes.
Two days postpartum. At this time phagocytic activity was still not
pronounced, even though the animals had been injected intracardially 24
hours before sacrifice.
Three days. The periarterial sheaths were no thicker than at birth. Rats
given intraperitoneal injections showed few phagocytes in the red pulp; on
the other hand, free macrophages were abundant in the red pulp of animals
injected intracardially. Erythropoiesis was still active at this stage and
many normoblasts were seen in the cords of Billroth and sinusoids.
At 5-7 days, the periarterial sheaths were approximately 10 cell layers
thick. Numerous free macrophages were in the cords of Billroth, many
containing small amounts of round thorium aggregates. The sinusoidal
walls were usually obscured but, when they could be observed, only a few
littoral cells contained thorium particles. Intraperitoneally injected rats
exhibited less phagocytosis than those injected intracardially. Normoblasts
were still abundant.
Ten days. The periarterial sheaths were approximately 20 cell layers
deep in some areas. Free macrophages with large vesicular nuclei were
prevalent in the cords of Billroth and in the margins of the white pulp.
This was interpreted as a migration of marginal lymphocytes into the red
pulp and their transformation into macrophages.
15-20 days. Some of the arteries developed eccentric enlargements in
their many-layered lymphocytic sheaths. The trabeculae and capsule became
prominent. Although fixed macrophages were found, free macrophages
were far more abundant. The sinusoidal walls were more distinct than in
any of the earlier stages. Free macrophages were distributed primarily in
the cords of Billroth (Figs. 8, 9), whereas the white pulp contained only a
few. Nucleated red blood cells were still prevalent at the 20th postpartal
day.
Rats injected either one or two weeks before sacrifice and those injected
8 or 24 hours before sacrifice showed no significant differences in amount
and sites of the colloid segregated.
30 days. The number of normoblasts greatly decreased in this age group.
Although sinusoidal lining cells were easily visible, most of the macrophagic
activity was limited to free phagocytes in the cords of Billroth, as was the
case in younger rats.
40-70 days. The spleen was histologically similar to the adult organ.
Normoblasts have disappeared from the cords of Billroth by the 40th day.
Connective tissue was well developed in the capsule and trabeculae, and the
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central arteries of the Malphigian bodies were eccentrically placed. Macro-
phages were found primarily in the cords of Billroth, although some also
appeared in the marginal portions of the white pulp (e.g. Fig. 8).
Comments. Phagocytic potentialities of the spleen were not expressed
until late in the last third of gestation in the albino rat, and not until the 3d
postpartal day did macrophages become abundant. Many filled macrophages
were observed in the spleen by the 10th day and larger numbers by the 15th
postpartal day. It is probable, therefore, that the reticulo-endothelium of
the spleen reaches maturation at this period insofar as the phagocytic
potentialities are concerned. Culbertson,' however, could not find differ-
ences in the phagocytic ability of spleen in rats ranging from 6 days
postpartum to 60 days.
In general, the thorium salt is stored in free macrophages in the spleens
of late prenatal, neonatal, juvenile, and young adult rats. Free macrophages
continue to predominate in storing the colloid in adult rodents.""'
(3) Lymph nodes
Unless otherwise noted, studies were made exclusively on nodes procured
from animals sacrificed 24 or 48 hours after intraperitoneal injection. In
general, many nodes in the rat show at least some thorium salt after intra-
venous injection; the collection in nodes increasing with time.' This is not
true of mice as indicated by marked accumulation of the salt in widely dis-
tributed nodes. One explanation for this reaction is that the colloid is not
permanently stored within the reticulo-endothelial cells but is in a state of
continual redistribution.'
19-day fetus. The mediastinal and mesenteric nodes at this stage were
incompletely formed. They were represented only by a fibrous capsule
which enclosed a mesenchymal condensation within whose meshes free cells
which were not phagocytic, occasionally appeared.
21-day fetus. The primordial mesenteric and mediastinal lymph nodes
had differentiated into condensed masses of cells separated by sinusoids.
The parenchymal cells still appeared mesenchymatous, but some contained
thorium particles. Both types of nodes contained a few fixed and free
macrophages (Fig. 10); however, more of the colloid was collected in the
mesenteric than in the mediastinal nodes.
Birth-2 days postpartum. The mesenteric and mediastinal nodes differen-
tiated into definite structural units with well-defined subcortical sinusoids.
After intraperitoneal injection, Thorotrast was not detected in the dia-
phragmatic and substernal lymphatics by either histological or radiographic
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methods (Figs. 1 and 14). Free and fixed macrophages were found in the
subcapsular sinusoids of the nodes.
Third day. After intraperitoneal injection the substernal lymphatics and
the lymphatics adjacent to the mediastinal nodes were filled with flocculated
thorium salt (Figs. 2 and 15). Both free and fixed macrophages were more
abundant in the periphery of the mediastinal nodes. In addition to mesen-
chymoid macrophages, a second type of phagocyte developed. This cell con-
tained a large round, vesicular nucleus and abundant cytoplasm (Fig. 11)
and was probably a lining cell which had freed itself from the reticulum.'
The mesenteric lymphatics apparently became secondary in the r6le of
absorption of material from the peritoneal cavity, since only a few free and
fixed macrophages were recognized in the subcortical sinusoids of those
nodes.
5-7 days. Cortex and medulla had not differentiated in the mediastinal
nodes. Although thorium salt had flocculated in the subcapsular sinusoids,
fixed and free macrophages were abundant. The mesenchymoid macro-
phages had disappeared and were replaced by another type of cell, possibly
of lymphocytic origin, which had a small pycnotic nucleus and a small
amount of cytoplasm. In addition, neutrophils were observed occasionally in
the subcortical sinusoids, but these did not contain thorium-salt granules.
Macrophages were still more concentrated in the peripheral portions of
the node.
In contrast to the mediastinal nodes, primitive medulla and cortex were
forming in the mesenteric nodes, which presented large sinusoids in the
region adjacent to the hilus. Several concentrations of lymphocytogenic cells
PLATE 3.
14. Peritoneal side of a diaphragm of a 2-day neonatal rat injected intraperitoneally
with 0.06 cm8 of Thorotrast. Note the lymphatic vessel is free of flocculated thorium
and that the mesothelium appears flattened. x333
15. Peritoneal side of a diaphragm of a 3-day neonatal rat injected intraperitoneally
with 0.035 cm8 of Thorotrast. Note the submesothelial lymphatics are filled with
flocculated Thorotrast. The nuclei of the mesothelium are rounded probably as a
reaction to the colloidal injection. x333
16. Adrenal cortex of a 21-day fetus injected intra-embryonically with approxi-
mately 0.02 cm8 of Thorotrast. This shows a fixed macrophage containing thorium
globules. x575
17. Free macrophages in the subarachnoid space of a 15-day fetus injected intra-
embryonically with approximately 0.01 cm8 of Thorotrast. x333
18. Connective tissue macrophages in the mesenchyme of a 17-day fetus injected
intra-embryonically with approximately 0.01 cm8 of Thorotrast. x333
19. Kidney of a 20-day rat fetus injected intra-embryonically with approximately
0.02 cm8 of Thorotrast showing flocculations of thorium salt globules in the glomerulus
and an intertubular connective tissue macrophage containing thorium particles. x575
20. Kidney of a 20-day neonatal rat injected intravascularly with 0.15 cm8 of
Thorotrast showing tangential thorium salt casts in the thin loops of Henle. x333
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were evident in the cortex. This represented the first evidence of cortical
lymph nodules. Large, mononucleated macrophages loaded with thorium
salt were in the subcapsular and medullary sinusoids.
10-16 days. Phagocytic activity was similar to that of the 5-7-day rats.
The nodes of the older group, however, were larger. In addition, mediastinal
nodes were readily visualized by x-rays. Of rats killed one week after intra-
peritoneal injections totalling 0.50 cm3 of Thorotrast per rat, marked histo-
pathological changes appeared in the mediastinal lymph nodes. In one ani-
mal there was hyperplasia of the lymphatic nodules with complete dis-
appearance of the reticulo-endothelium in some areas. Although macro-
phages laden with thorium salt were present, much of the colloid was in
flocculated form. In the other two rats, fixed reticulo-endothelial elements
were probably completely mobilized in both cortical and medullary sinu-
soids. Fibrogenesis occurred in those regions, as described by Harris'; the
nodal parenchyma was replaced by connective tissue. He observed no
marked hyperplasia of the lymphatic nodules and germinal centers.
A number of multinucleated giant cells appeared in the region of the
sinusoids (Fig. 12; cf. Baillif,' Fig. 31). There were great variations in the
size of these cells, amount of contained colloid, and number of nuclei. In
general, the nuclei were round and vesicular, 2 to 25 per cell, and located
peripherally. In most cells, plaques of thorium salt apparently had displaced
the nuclei to one side, while in others small granules were present. The
cytoplasm, wherever visible, was homogeneously eosinophilic. These cells
appeared to be of the foreign body giant cell type similar to those described
by Baillif,' and formed as early as one week after the first injection of
Thorotrast. Giant cells, not of the foreign body type, formed in germinal
centers of adult rats.'
The- mesenteric nodes showed only a few macrophages. In animals
injected with 0.1 cm3 of Thorotrast, the nodes showed no histopathological
changes one week after injection. The animals sacrificed 24-48 hours after
injection had more macrophages mobilized than the former group.
By the30th day the mesenteric nodes were similar in structure to those of
adult rats. The subcapsular sinusoids were much smaller, internodular sinu-
soids developed, lymphatic nodules formed, and medullary cords differenti-
ated. The great majority of macrophages were large mononuclear fixed
cells closely associated with the reticulum (Fig. 13).
The mediastinal nodes now showed the beginnings of differentiation into
cortex and medulla, but lymph nodules were not yet developed. The sub-
capsular and medullar sinusoids were filled with flocculated thorium salt.
A few free macrophages were present in those sinusoids, but greater phago-
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cytic activity was evident in fixed reticulo-endothelial cells. The distribution
of macrophages was, in general, similar to that of younger rat nodes. Some
fixed macrophages were deep in the internodular sinusoids.
50-70 days. The mediastinal and mesenteric nodes were, at this age, iden-
tical with those of the adult. Macrophagic activity was similar to that of the
30-day animals.
(4) Adrenal
Phagocytosis was observed chiefly after intracardiac or intravenous injec-
tions, but of the animals injected intraperitoneally, only those given 10
cm3/kg body weight showed evidences of phagocytosis. Therefore, observa-
tions were based primarily on animals given intravascular injections of
Thorotrast.
21-day fetus. Only two out of 15 animals injected showed evidence of
phagocytosis. The primitive cortical cells were separated by tortuous
sinusoids extending from the periphery to the medulla. These sinusoids
were lined with what morphologically appeared to be typical endothelial
cells. Blood islands with occasional megakaryocytes were scattered through-
out the gland. The few cortical macrophages present were located almost
exclusively in the junction between the primordial zone fasciculata and zona
glomerulosa (Fig. 16), and in the interlocking zone between the medulla
and cortex. Some macrophages, however, occurred in the fascicular zone.
Birth-2 days postpartum. Radiations of the cortical sinusoids were
becoming less tortuous. Blood islands were still present throughout the
gland. Macrophages were more prevalent than in the fetuses, but their
distributions were similar. Flocculated globules of the salt were occasionally
present in the zona fasciculata.
5-7 days. Macrophages were mostly located in the medullo-reticular and
glomerulo-fascicular junctions; distribution, therefore, was similar to that
of the previous age group. Occasional blood islands and megakaryocytes
were present until the 9th postpartal day.
15-40 days. In the cortex, the perimedullary sinusoids were wider than
those in the previous age group. Cells lining the sinusoids had finely granu-
lar, eosinophilic cytoplasm with elongated, vesicular nuclei. Phagocytes
containing some thorium salt were scattered through the medulla. These
stromal macrophages were adjacent to the venous plexuses and in the adult
rats were activated only after repeated injections.! In the present study
most of the cortical macrophages were in the juvenile cortex, fewer in the
fasciculo-glomerular junction and zona fasciculata in that order. The
capsule contained an occasional macrophage.
S18
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50-70 days. With dosages of Thorotrast given (5 to 10 cm3/kg body
weight), macrophages were less numerous than in younger animals. In two
rats the phagocytes were more numerous in the medulla and zona reticu-
laris, while in two others they were more numerous in the zona fasciculata.
Other rats in this age group showed little or no phagocytosis.
Comments. After repeated injections of Thorotrast into adult albino rats,
thorium-laden macrophages appear in the sinusoidal walls of both the
adrenal cortex and medulla, but stromal phagocytes occur principally in the
medulla.' Sinusoidal macrophages were first activated in the cortico-medul-
lary junction, then in the fasciculata, and later in the glomerulosa. Only
after repeated injections were the stromal macrophages of the medulla
activated. Baillif'se findings were in accordance with those of Wilson and
Leduc.87 Thorotrast injected into mice and followed by subsequent injection
of India ink showed that ink particles were in the peripheral cortical cells,
and thorium-laden cells in the deeper cortical regions. After atime, thorium-
laden macrophages were no longer present in the cortex.'M
B. Free Macrophages
The following is limited to a discussion of macrophages in the second
subsystem of the reticulo-endothelium, i.e., the macrophages in the inter-
cellular spaces of connective tissues. Macrophages freed from the sinusoidal
walls have already been discussed with the fixed reticulo-endothelial
elements.
(1) Free macrophages of fetuses
All fetuses between 11 and 14 days of age died when Thorotrast was
injected. One 15-day-old fetus survived when injected with diluted Thoro-
trast and was sacrificed 6 hours later. In this animal, the colloid was acci-
dently injected into the subarachnoid space. Free stellate-shaped macro-
phages were observed only in this space (Fig. 17). This is the earliest
evidence of macrophagic activity in this study. By the last day of gestation
free macrophages were present in various parts of the body (Fig. 18).
(2) Thymus
Free macrophages were in the vicinity of the gland from term fetuses to
two-day rats, but since the capsule was not yet developed at this period,
they were probably not associated with the gland per se. These mononuclear
cells were round or oval in outline and possibly had arisen from lympho-
cytes which had migrated into the region.
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By the 3d day postpartum, macrophages in the interlobular connective
tissue of the gland were activated. They were spindle-shaped with elongated
nuclei and resembled histiocytes of connective tissue. By the 7th day, typical
connective tissue macrophages were present in the developing capsule.
Interlobular and capsular macrophages were found in older rats which
had been injected intraperitoneally. These macrophages were either spindle-
shaped or oval. In one 20-day animal, however, macrophages were seen in
the lobules of the gland. These intralobular macrophages were located pre-
dominantly in the cortico-medullary junction, but a few appeared in the
cortical and medullary substance as well. Their origin is unknown, but it is
likely that these cells originated from the stroma of the gland. Baillif'
reported that intralobular macrophages were present only after accidental
involution following repeated intraperitoneal injection of colloids.
(3) Omentum
The greater omentum is of special interest since many macrophages can
be mobilized within it from tache laiteuses and histiocytes in the connective
tissue. Intraperitoneally injected colloids enter the omentum and are picked
up by the free macrophages.1"
Due to the relatively late development of the omentum, macrophages of
this organ were not studied earlier than 8 days' postpartum. The omentum
at that time contains little adipose tissue, its principal components being
other connective tissue elements. After injections of Thorotrast, macro-
phages were abundant in its tissues. As the rats developed, more fat cells
formed until they became the most conspicuous tissue element. Macro-
phages, probably of lymphocytic origin, were abundant in the outer zones of
the tache laiteuses. These observations in neonatal and young rats were in
concordance with Baillif.'
(4) Testis
Free macrophages appeared in the connective tissue near the testis from
the 6th postpartal day through the 70th day. Macrophages were located in
the testicular capsule in only one animal which was 16 days old, and no
macrophages were in the interstitial tissues. In intraperitoneally injected
males, the continuity of the peritoneal cavity and the processes vaginalis
was clearly visualized by x-ray.
After intratesticular injections of India ink into mice, Hooker and
Pfeiffer' reported that "brown cells" in the intertubular spaces phagocy-
tosed ink particles. These animals were pretreated with estrogens, and sub-
sequently testicular tumors developed. Neither pretreatmnt with hormones
and subsquent acute localized injections ofcolloids were given in the present
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study; consequently, it was not possible to evaluate the findings with that of
Hooker and Pfeiffer.
(5) Lung
Only occasional macrophages were in lung tissues. The first indication of
the phagocytic potentiality of the septal cells was observed in several 20-day
fetuses. In postpartal rats, macrophages were present only in those injected
intravascularly. Most of the salt was in the form of small globules, but
occasional plaques were observed. Macrophages were only rarely found
lying free in the alveoli.
After Thorotrast injections, thoron X was reported in the feces and
breath of rabbits and humans.' This indicates that at least isotopes of
thorium were released. Furthermore, Eastone7 believes that one route of
elimination of Thorotrast is the ascent of macrophages in the respiratory
tract and passage in the feces or saliva.
(6) Kidney
The earliest evidence of thorium salt in the kidney was found in the
19-day fetus. There it appeared as small intraglomerular globules. Similar
globules appeared in fetuses a day older, but in addition, free macrophages
containing thorium salt were occasionally found in the perimalpighian
connective tissue (Fig. 19).
Thorium plaques were primarily in the glomeruli and perimalpighian
connective tissue macrophages in all stages of postpartal animals, these
being most prominent in rats given intravascular injections. In one animal
20 days old, many thorium plaques collected in the thin limbs of Henle's
loop as casts (Fig. 20). They appeared in such numbers as to occlude the
lumen of the tubules. Such casts were reported by Baillif' in adult rats.
Thorotrast is eliminated in great quantities through the kidneys beginning
34 days after the start of repeated Thorotrast injections and is associated
with glomerular pathology, tubular casts, and decrease in urine volume.="
SUMMARY AND CONCLUSIONS
1. Six series of experiments in vivo were conducted for the study of
phagocytic activity in albino rats of different ages. Of these, three were
devoted to the study of fetuses, the remaining to postpartal rats. The ani-
mals were given a total of 5 to 10 cm8/kg body weight of Thorotrast (col-
loidal thorium dioxide) and sacrificed at various intervals after injection.
Tissues were removed and prepared for histological study; the smaller
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fetuses were sectioned in their entirety. One hundred thirty-six fetuses and
138 postpartal rats were studied.
2. After intravenous injection of pregnant rats, Biebrich's scarlet,
colloidal gold, or Thorotrast did not pass through the placentas into fetuses.
X-ray placental visualizations were not obtained after Thorotrast injections.
TABLE 3. SEQUENTIAL MACROPHAGIC ACTIVITY IN THE ALBINO RAT. THE
DOTTED LINES INDICATE OCCASIONAL PHAGOCYTIC ACTIVITY; THE SOLID
LINES SOME ACTIVITY IN MOST ALL ANIMALS; THE HEAVY BARS
GREATER ACTIVITY; THE HEAVIEST BARS, GREATEST ACTIVITY.
LIVER
SPLEEN
MEDIASTINAL NODE
MESENTERIC NODE
ADRENAL CORTEX
ADRENAL MEDULLA
CONNECTIVE TISSUE MACROPHAGE
THYMUS
OMENTUMA
TESTIS
LUNG
KIDNEY
II 6 .5 14 15 BIRTH 4 a 12 1 2 30 S0 70
AGE IN DAYS
3. Thorotrast did not pass into fetuses through the skin, respiratory
tract, or gastro-intestinal tract after intra-amniotic injection of Thorotrast.
4. Macrophagic activity in fetuses were demonstrated only after intra-
embryonic injections of Thorotrast.
5. Table 3 summarized the time of onset of macrophagic activity and
stages of sequential development of phagocytosis in various organs and
tissues.
6. In general, by the 40th day the structural features and phagocytic
function of the reticulo-endothelial system are similar to those of the adult
rat.
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